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Objectives: to analyse the long-term results of primary composite bypass grafts comparing them to PTFE and vein
grafts.
Design: a retrospective observational study.
Materials and methods: between 1980 and 1996, 568 primary infrageniculate bypass procedures were performed; a
saphenous-vein graft was used in 428 procedures, a PTFE graft in 44 and a composite PTFE–saphenous-vein graft in
96. Thirty-six composite grafts were below the knee and the remaining 60 extended more distally. Twenty-one bypass
grafts from the latter group were sequential. Mean follow-up was 45.6 months. Five-year primary and secondary patency
and limb salvage rates were compared by life-table analysis.
Results: cumulative 5-year primary patency for composite grafts was 58% and for saphenous-vein grafts 74%, while
secondary patency rate was 75% and 82%, respectively (p<0.05). The 5-year limb salvage rate was 80% for composite
grafts and 88% for saphenous-vein grafts (p>0.05). The primary and secondary patency and limb salvage rate for PTFE
grafts was 24%, 31% and 40%, respectively.
Conclusion: Composite grafts of PTFE and saphenous vein are significantly superior to PTFE graft alone and should
be used in patients who lack sufficient length of saphenous vein.
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Introduction of the present study was to compare the long-term
results of composite grafts in primary infrageniculate
The superiority of autogenous vein over prosthetic bypass procedures with those of PTFE and vein bypass
grafts to determine precisely the boundaries of theirgraft for below-knee popliteal and tibial reconstruc-
tions has been clearly established.1–3 However, there performance.
remains a significant percentage of patients without
vein of adequate length or quality.3–5 Autogenous vein
is unavailable or inadequate in 15–30% of patients Patients and Methods
undergoing primary revascularisation and as many
as 50% having secondary procedures.3–6 Under such Between 1980 and 1996, 568 primary bypass pro-
circumstances, one is compelled to consider an al- cedures to below-knee popliteal and tibial arteries
ternative option, including the use of prosthetic grafts, were performed in 506 patients for treatment of critical
recognising their poor long-term patency, especially limb ischaemia. Secondary procedures and short by-
for bypasses to the infrapopliteal level.1,2 passes originating from popliteal or tibial vessels were
In response to disappointing results of entirely excluded from analysis; only primary bypass pro-
prosthetic grafts to distal vessels, the concept of a cedures with the proximal anastomosis at the common
prosthetic–autogenous composite graft was first intro- femoral artery level were included.
duced by McCaughan7 and rejuvenated by Linton.8 The The conduit of choice was the reversed greater
results of contemporary series are variable, showing saphenous vein and in few cases (n=14, 3.2% of
either no advantage over prosthetic grafts or a patency venous bypasses) the lesser saphenous or arm vein.
rate approaching that of vein grafts.9,10 The purpose These alternative veins were single-length grafts or
were composed of a spliced vein graft. Thus, an all-
autogenous bypass was accomplished in 75% of cases* Please address all correspondence to: E. Bastounis, 4 Antinoros
Street, 116 34 Athens, Greece. (n=428, 333 grafts were implanted reversed and 95 in
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Fig. 1. Types of composite sequential graft: (A) bypass to the popliteal and one of the tibial arteries; (B1, B2) bypasses to tibial arteries.
situ). Forty-four PTFE bypasses (8%) and 96 composite on for rest pain and 255 (59.5%) for gangrene or
ulceration, while 18 (41%) in the PTFE group had restgraft bypasses (17%) were performed, because of in-
adequate length or poor vein quality (n=140, 24%), pain and 26 (59%) presented with ischaemic tissue
loss. The preoperative mean ankle/arm index for theeven though we were prepared to use the contralateral
greater saphenous vein. Composite grafts refer only vein graft group was 0.31–0.09, for the PTFE graft
group 0.29–0.09, and for the composite graft groupto those grafts composed of a proximal PTFE and a
distal autogenous segment of saphenous vein. In the 0.28–0.08. There was no difference in the incidence
of smoking, diabetes, hypertension or ischaemic heartpresent series, the term “straight composite graft”
indicates a bypass to a single outflow vessel, while disease between the three groups.
Composite grafts were constructed of a proximalthe term “sequential” implies a composite graft with
double outflow to different run-off beds. 6 mm PTFE segment and a distal autogenous segment
of saphenous vein using 6-0 polypropylene sutures.In the composite group, there were 68 men and 28
women with a mean age of 70.5 years; ischaemic tissue In all cases the venous segment crossed the knee joint.
Of the several methods of accomplishing prosthesis–loss was the surgical indication in 61.5% of patients
(n=59) and rest pain in 38.5%. Critical ischaemia was vein anastomosis, we performed a long bevelled ana-
stomosis, using the Linton technique.8 We preferredalso the surgical indication for the other two groups.
In the vein group, 173 (40.5%) patients were operated the construction of a sequential composite femoral–
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Fig. 3. Life-table curve of cumulative secondary patency for vein,Fig. 2. Life-table curve of cumulative primary patency for vein,
composite and PTFE grafts. Number at each point represents number composite and PTFE grafts. Number at each point represents number
of grafts at risk for that interval. (—) Vein; (– –) composite; (—-—)of grafts at risk for that interval. (—) Vein; (– –) composite; (—-—)
PTFE. PTFE.
popliteal–tibial bypass, trying to increase outflow in
cases of poor distal run-off. We considered the run-
off bed poor, when there was one patent tibial vessel
or multiple stenotic lesions resulting in suboptimal
pedal arch visualisation in angiogram. The sequential
configuration was a side-to-side anastomosis of venous
component of the composite graft to popliteal artery
and an end-to-side anastomosis to tibial artery (Fig.
1). The distal anastomotic site for composite bypass
grafts was to the popliteal artery below the knee in 36
cases (37.5%) and the infrapopliteal vessels in 60 cases
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(62.5%); twenty-one of composite infrapopliteal by-
Fig. 4. Life-table curve of cumulative limb salvage rate for vein,passes were sequential (21.9%). Femoropopliteal by-
composite and PTFE grafts. Number at each point represents numberpasses made up 50% of the vein group bypasses and of grafts at risk for that interval. (—) Vein; (– –) composite; (—-—)
73% of the PTFE group. PTFE.
Long-term postoperative oral anticoagulation treat- among rates was established by log-rank test. Com-
ment was given to patients with infrapopliteal vein parison in frequency of several variables among the
bypasses with poor run-off and all patients with PTFE three groups was made by Chi-squared test. Com-
and composite grafts; the remaining patients received parison of means was made by one-way analysis of
325 mg aspirin in the postoperative period. Follow-up variance.
was at 6-month intervals by clinical evaluation and
measurement of segmental pressures. A decline in the Results
ankle–brachial index greater than 0.15 was considered
as evidence of a failed graft, which was documented The cumulative primary and secondary patency of
composite grafts at 5 years were 58 and 75% re-by duplex. Since 1992, we have adopted an intensive
surveillance protocol for vein grafts, followed by spectively, resulting in a limb salvage rate of 80% for
the same period. Five-year primary patency (73%, p=duplex scanning at 3-month intervals for the first
18 months after initial operation. Angiography was 0.03) and secondary patency (82%, p=0.006) of venous
grafts were superior to composite grafts, but theirperformed on patients who required surgical re-
vascularisation. The mean follow-up was 45.6 months superiority in limb salvage rate failed to reach stat-
istical significance (88%, p=0.06). The performance ofranging from 1 month to 132 months. Primary and
secondary patency and limb salvage rates were de- composite and venous grafts was significantly better
than the PTFE grafts (p<0.001), which resulted in atermined according to the criteria of the Ad Hoc
Committee on Reporting Standards11 and were es- 24% primary patency, 31% secondary patency and 40%
limb salvage rate (Figs 2–4).timated by life-table analysis. Statistical difference
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The 5-year primary patency of composite grafts was
64% (s.d.=9.6%) which was comparable to vein-graft
patency for below-knee femoropopliteal bypasses
(77%, p=0.10). The 5-year primary patency of straight
composite infrapopliteal grafts was 46% (s.d.=9.8%).
Adding the sequential composite bypasses, the patency
rate extended to 53% (s.d.=7.8%). Nonetheless, it was
lower than venous infrapopliteal graft patency (70%,
p=0.01). The patency of PTFE grafts was considerably
lower, regardless of the distal anastomotic site (Figs 5
and 6). There was a trend towards better patency of
sequential composite grafts (81.2%, s.d.=9.1%) com-
pared to straight composite grafts (61.3%, s.d.=8.9%)
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at 3 years (Fig. 6). However, this difference was not Fig. 6. Primary patency of infrapopliteal bypasses, including straight
significant statistically, probably because of the rel- and sequential composite configuration. Number at each point
represents number of grafts at risk for that interval. Error barsatively small sample size (p=0.10). Surprisingly, this
represent standard error >10%. (—) Vein; (····) straight composite;3-year patency rate was nearly equal to the patency (– –) sequential composite; (—-—) PTFE.
of the vein group (81.2% vs. 81.7%).
Primary composite-graft thrombosis in the peri-
operative period occurred in one infrapopliteal graft
Discussionand this was successfully treated by thrombolysis plus
patch-angioplasty. During the first year of follow-up,
It is widely acknowledged that the best results inthere were four composite-graft thromboses treated
infrainguinal arterial procedures, especially to theby thrombectomy plus patch-angioplasty (two cases)
infrapopliteal level, are achieved by autogenous veinand total graft replacement (one case). In one case,
reconstructions. The ipsilateral greater saphenous veinthrombolysis revealed a stenosis in PTFE–vein ana-
remains the first option, although arm veins and lesserstomosis, which was repaired by an interposition PTFE
saphenous vein represent reliable alternatives.12,13 Not-graft. Late primary-graft thrombosis was treated by
withstanding, in many cases (more than 20% in ourthrombolysis plus jump-graft (1), thrombolysis plus
experience) there is inadequate vein, resulting in apatch-angioplasty (2), surgical thrombectomy plus
quest for other revascularisation approaches. Semi-patch-angioplasty (3), thrombectomy plus jump-graft
closed endarterectomy with or without stents or pro-(8), total graft replacement (10) and primary am-
fundoplasty are valuable methods in selected patients,putation (6). Patch-angioplasty in re-do procedures
and subintimal balloon angioplasty is a promising butwas carried out at the distal vein–artery anastomosis.
not well-established method.14–16 When an infra-
geniculate bypass is required, there are two options
available: an entirely prosthetic or a composite graft.
The use of a synthetic graft is appropriate in the
above-knee popliteal position, where the results are
near-equivalent to those of autogenous reconstructions
(particularly in cases of claudication).17,18 In the below-
knee position their performance falls clearly behind
vein grafts and, furthermore, prosthetic bypasses to
tibial level present extremely poor results, with pat-
ency less than 25% at 5 years.1,2,9,17,18 The use of com-
posite grafts, vein cuffs, and patches, at the distal
anastomosis appear to improve prosthetic-graft pat-
ency.19–22 These techniques have shown promising
results in the setting of distal revascularisation, al-
though it is not clear whether the improved patency
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is due to a better compliance match at the distal
Fig. 5. Primary patency of femoropopliteal below-knee bypasses. anastomosis, or technical factors. The site of com-
Number at each point represents number of grafts at risk for that pliance mismatch is moved to the PTFE–vein ana-interval. Error bars represent standard error >10%. (—) Vein; (– –)
composite; (—-—) PTFE. stomosis, in which the cross-sectional area is
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